We review the status of all-sky and large astronomical surveys and their catalogued data over the whole range of electromagnetic spectrum, from gamma-ray to radio, such as ROSAT in X-ray, GALEX in UV, SDSS and several POSS1/2 based catalogs (APM, MAPS, USNO, GSC) in optical, 2MASS and WISE in NIR, IRAS and AKARI in MIR/FIR, NVSS and FIRST in radio range and others. Present astronomical archives contain billions of objects, Galactic as well as extragalactic, and the vast amount of data in them permit new studies and discoveries. Cross-correlations result in revealing new objects and new samples. Very often, dozens of thousands of sources hide a few very interesting ones that are needed to be discovered by comparison of various physical characteristics. Most of the modern databases currently provide VO access to the stored information. This permits not only open access but also fast analysis and managing of these data.
INTRODUCTION: ASTRONOMICAL SURVEYS
At present, the development of astronomy is strongly dependent on large surveys, archives and databases. The multi-wavelength data complement each other and make new discoveries possible. Especially useful are all-sky or large-area surveys providing homogeneous data for a vast amount of objects and permitting to study various kinds of objects over large areas. This huge information on various properties of stars, nebulae and galaxies makes research really multi-wavelength. Hundreds of thousands, millions and even a billion (USNO and GSC) objects are present in each of them, having accurate positional, photometric and some other data. Most of the modern databases currently provide VO access to the stored information. This not only permits open access but also fast analysis and managing of these data. Analyzing and matching data from various surveys and catalogs, one can find a dataset that itself is new, though published long ago in different catalogs. New discoveries become possible this way. Cross-correlations result in revealing new objects and new samples. Very often, dozens of thousands of sources hide a few very interesting ones that are needed to be discovered. Spectroscopic databases are unique among all others. Very few such databases are available: The Digitized Hamburg Quasar Survey (HQS), the Digitized First Byurakan Survey (DFBS) and the Sloan Digital Sky Survey (SDSS), altogether covering about 25 000 deg 2 at high Galactic latitudes. New scientific projects as well as exist-ing surveys will benefit from digitized images and ready-to-use extracted spectra, which will make possible an efficient computer-based analysis of the dataset. New discoveries may come when a comparative analysis of data from various catalogs and their correlation are made. However, one must be careful with inhomogeneity and make necessary corrections and transformations. In addition, new efficient tools for analysis of large catalogs are needed. An investigation of the status of many all-sky and/or large-area surveys and new interesting comparisons by their wavelength ranges, sky coverage, limiting magnitudes, number of catalogued objects, source density and other parameters have been carried out.
IMPORTANCE OF LARGE-AREA SURVEYS
The Universe is very big; there are ∼ 100 billion galaxies in it, each containing billions of stars, nebulae and other objects. Most of the objects are very like each other, and standard approach may be applied to study them. Classical explanations and theories for stellar configurations, inner structure, stellar atmospheres and radiation mechanisms have been developed, as well as well-developed theories of gas nebulae and similar gas medium exist. Unique objects are needed to study and understand new physical mechanisms, origin and evolution of stars, galaxies and the Universe as a whole. Such unique objects are stars with extreme colors, chemically peculiar ones, emission-line stars, non-optical sources, extended envelopes, variables (especially non-stable ones), binaries (especially close binaries), stellar groups and clusters, etc.; peculiar galaxies (blue, emission-line, etc.), starbursts (SBs), active galactic nuclei (AGNi), pairs (especially interacting ones), mergers, jets, many of non-optical sources, etc. However, altogether typically 5-10% of all objects have such peculiarities and may serve for study of new processes and phenomena. Thus, a need to search for such objects and to study them arises: astronomical surveys are a tool to reveal interesting objects and use them for our research. It is pretty obvious that almost all important objects for further astronomical studies have come from wide-field surveys, both photometric and spectroscopic. Among the photometric surveys, Palomar Observatory Sky Surveys (POSS-I and POSS-II) are well known, taken with the famous Palomar Schmidt telescope, which gave very large coverage in two (B and R, POSS-I) and three (B, R and I, POSS-II) bands. Together with similar Southern surveys taken with ESO and Australian Schmidt telescopes, they give total sky coverage with more than 1 billion objects brighter than the 21st magnitude. However, very little information on the nature of these objects can be retrieved from these plates.
Usually deep fields are not considered as large surveys; however, taking into account their limiting magnitude and the density of objects, it becomes possible to investigate the large-scale structure of the Universe, thus making them competitive to such large-area surveys as, for example, SDSS.
CATALOGUED DATA
Modern astronomical research is impossible without various multi-wavelength data present in numerous catalogues, archives and databases. Summarizing, the largest all-sky or large-area catalogues and databases available today in various wavelengths are:
• Optical images: DSS1 (all-sky digitized images in two bands, blue and red, from POSS-I/SERC-J, 1. • Variability: GCVS (all catalogued 80 671 variables; variability types, typically 0.1 mag photometric accuracy; Samus et al. 2011) , NSVS (∼ 14 000 000 objects for the area with δ>-38
• (33 326 deg 2 ); median R (∼ 0.02 mag accuracy), measurement scatter, amplitudes, periods and variability types when possible; 0.04 mag accuracy, Wozniak et al. 2004 ; catalogued classified red variables from the NSVS -Mira type, SR, etc., Wozniak et al. 2004) ; The All Sky Automated Survey (ASAS, Pojmanski 1997; http://www.astrouw.edu.pl/asas/) with its ASAS Catalogue of Variable Stars (ACVS) containing some 50 000 stars, including some 30 000 new ones. The most complete list of stars (altogether 203 438 objects) ever mentioned as variables is given at the International Variable Star Index (www.aavso.org/vsx). Besides, variability (as well as proper motion) studies are possible based on comparison between POSS1 epoch combined measurements from APM/MAPS/USNO-A2.0/USNO-B1.0 and POSS2 epoch combined measurements from USNO-B1.0/GSC2.3.2 (Mickaelian & Sinamyan 2010; Mickaelian et al. 2011 ).
• Optical spectroscopy: FBS (Markarian et al. 1989) , SBS (Stepanian 2005) , Case (Pesch et al. 1995) , HQS (Hagen et al. 1999) , HES (Wisotzki et al. 2000) (objective prism images for most of the extragalactic sky, 17 000 deg 2 in North and 9000 deg 2 in South; digitized copies of FBS, HQS and HES are available; Mickaelian et al. 2007 , Hagen et al. 1999 and Wisotzki et al. 2000 , SDSS (3800-9200Å R = 1800−2200 spectra for 1 640 960 selected objects, including 929 555 galaxies, 121 373 QSOs and 464 261 stars; Abazajian et al. 2009 ), 2dF/6dF (medium dispersion 3700-7900Å spectra for 346 061 galaxies and 49 425 stellar objects, including 23 660 QSOs; Colless et al. 2001 , Croom et al. 2004 .
• Gamma-ray data: CGRO EGRET (gamma-ray positions and 20 keV -30 GeV photon counts for 1300 sources, including only 271 identified ones; Hartman et al. 1999 ) and GLAST (Fermi) LAT (gamma-ray positions and 10 MeV -100 GeV photon counts for 1873 sources, including 1451 sources in the high-energy range); gamma-ray sources are difficult to identify due to inaccurate positions (errors of several arcminutes); INTEGRAL (IBIS/ISGRI soft gamma-ray survey catalog of 723 sources), Swift (survey in deep fields, 9387 sources), BeppoSAX (1082 gamma-ray bursts) and other data are much more accurate, however no all-sky or large-area catalogue is available from these missions/telescopes.
• X-ray data: ROSAT BSC and FSC (X-ray positions and 0.07-2.4 keV photon counts and two hardness ratios for 124 730 sources (18 806 in BSC and 105 924 in FSC); Voges et al. 1999 Voges et al. , 2000 ; ROSAT sources are difficult to identify due to inaccurate positions (errors of ∼ 1 ′ ); INTEGRAL (Hard X-ray all-sky survey catalog of 403 sources); EXOSAT, EXOSAT Medium energy (1-8 keV) Slew Survey Catalog (EXMS, 1210 sources, including 992 identified ones); ASCA (1190 sources) and other data are also available; Chandra and XMM data are much more accurate, however no all-sky or large-area survey is available from these missions.
• UV data: GALEX AIS and MIS (2 ′′ r.m.s. accurate positions and fluxes in FUV 1528Å and NUV 2271Å bands for 77 900 000 sources (65.3 millions in AIS and 12.6 millions in MIS) over the whole sky, down to 20.8 mag for AIS and 22.7 mag for MIS; Bianchi et al. 2011 ); a number of older mission data are available (EUVE, 514 sources; FUSE, FUV spectra of ∼ 3000 objects; etc.) with much less accuracy and sensitivity; HST 2941Å NUV observations (no large area survey available).
• • MIR photometry: AKARI-IRC Point Source Catalogue (0.3 ′′ r.m.s. accurate positions and 9 µm (50 mJy sensitivity) and 18 µm (120 mJy sensitivity) fluxes for 870 973 sources over the whole sky; Ishihara et al. 2010) , WISE (0.5 ′′ r.m.s. accurate positions and 3.4 µm (80 µJy sensitivity), 4.6 µm (110 µJy), 12 µm (1 mJy), 22 µm (6 mJy) photometry for 257 310 278 sources over the whole sky; Wright et al. 2010) .
• MIR/FIR photometry: IRAS PSC and FSC (IR positions and fluxes in 12 µm (0.4 Jy sensitivity), 25 µm (0.5 Jy), 60 µm (0.6 Jy) and 100 µm (1.0 Jy) bands for 344 412 sources over the whole sky; IRAS 1988, Moshir et al. 1990 ), IRAS SSSC (IR positions and fluxes in 12 µm, 25 µm, 60 µm and 100 µm bands for 16 740 extended sources over the whole sky; Helou et al. 1985) , AKARI-FIS Bright Source Catalogue in FIR (0.8 ′′ r.m.s. accurate positions and 65 µm, 90 µm, 140 µm and 160 µm bands for 427 071 sources over the whole sky with 0.55 Jy sensitivity in the 90 µm band; Yamamura et al. 2010) ; Spitzer Space Telescope (SST) 7-band data (altogether, 4 261 028 sources observed) have accurate positions and much higher sensitivity, however no all-sky or large-area survey is available from this mission.
• Sub-mm/mm data: Planck (30-857 GHz (350 µm to 1 cm) 9-band data for the whole sky, study of the CMBR and detection of 33 566 point sources; Planck 2011), WMAP (22-90 GHz fluxes of the whole sky, study of the CMBR and detection of 471 point sources; Gold et al. 2011) , SCUBA (a sub-mm instrument on JCMT providing data in 450 µm and 850 µm bands; two large catalogs have been released: Fundamental Map Object Catalog (JCMTSF, 5061 objects) and Extended Map Object Catalog (JCMTSE, 6118 objects); Di Francesco et al. 2008) , Herschel already provides data at 55-672 µm with three instruments in 13 wave- length bands and spectra); in the nearest future, ALMA will provide data as well.
• Radio data: GB6 (positions and 6 cm fluxes for 75 162 sources sensitive to 18 mJy; Gregory et al. 1996) Hales et al. 2007 ). There are also much deeper fields observed, for example, with the VLA and ATCA, but on relatively small areas.
In Table 1 , we compare the most important large astronomical surveys from the gamma-ray to the radio range. The columns contain: survey or catalogue name, years of accomplishment or release, spectral range, sky area, typical sensitivity in limiting magnitudes or mJy, number of catalogued objects and source density. QSO surveys and radio surveys during 1980-2010. Figure 2 is the same for Galactic structure surveys and Dark Energy surveys (in optical and IR wavelengths) during 1990-2020. Figure 3 gives a comparison of all-sky and large-area astronomical surveys by their wavelength and sky coverage. Figure 4 presents a comparison of all-sky/largearea and deep surveys by their sensitivity (limiting magnitude) and number of catalogued objects.
ASTRONOMICAL DATABASES AND CROSS-CORRELATION OF DATA
Modern astronomical research is impossible without various multi-wavelength data present in numerous catalogues, archives and databases. SIMBAD and NED/HyperLEDA databases give concise data on any astronomical object (Galactic and extragalactic, respectively) published at any time. There are 9567 catalogues in VizieR (as of 2011 December 25), and a user is able to search for any data in them, cross-correlate them and make a comparative analysis. Surveys are much more valuable when various data can be compared and studied together. This is why it is so important to have easy access to all databases in a standard way. This is the task of the Virtual Observatories that have been created in a number of countries.
Cross-correlation of various catalogues is a powerful tool for comparisons and discoveries of objects with peculiar data or unique ones. The VizieR database is one of the main tools for such cross-correlations and selection of data. However, only a standard search radius is possible, which may be typical for a given catalogue but not correct for the given objects. In many catalogues, the positional accuracy may differ by a factor of 10 or more. This means that a standard search radius may miss a lot of genuine associations (for objects with larger errors) and collect a lot of false associations (for objects with smaller errors). Some tools give better ways to do cross-correlations; for example, when using TOPCAT, ALADIN, or the recently released CDS cross match service (http://cdsxmatch.u-strasbg.fr/xmatch), it is also possible to include positional errors. We have developed a new crosscorrelation software, where each object/source is being compared and searched by its positional error (3σ or whatever an astronomer prefers; Knyazyan et al. 2011) . This software has been tested for cross-correlation of IRAS PSC and FSC to reveal the same sources and establish the total number of IRAS sources in the sky. 74 521 associations have been found in the 3σ radius around PSC and FSC catalog sources.
